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Introduction
Extensive studies have been conducted on the dynamic relationship between energy consumption and economic growth and more recently on the association between renewable energy consumption and economic growth across a number of economic regions or countries over the past decade (Masih and Masih, 1998; Salim, et al., 2008 Tugcu et al., 2012 Salim et al., 2014; among others) . Based on these empirical facts as well as on Okun's law, we can argue that energy consumption, particularly renewable energy consumption, in an economy may affect the rate of unemployment, which is an significant leading indicator about the current and future path of economic growth. The link between renewable energy consumption and unemployment can be explained in terms of the following primary mechanisms: (i) high investment levels and large capacities installed directly exert a positive effect on the employment in the respective industries; (ii) the import effect, according to which, money saved on imports of fossil fuels which are replaced by energy from renewable sources; (ii) counterbalancing the positive effects are reduced investment plans in fossil fuel systems and potential foregone investments and consumption from lower available public and private budgets due to additional costs of renewable energy sources. The balance of these effects compared across different development paths leads to the net economic effects, among which, the net employment effects receives a special attention in this paper.
An additional mechanism that could potentially explain the association between renewable energy and unemployment is related to the level of uncertainty around the exact impacts that generation costs of renewable energy are expected to incur for the level of employment. In particular, renewable energy technologies may require support schemes to overcome high upfront costs, i.e. resources that are not spent elsewhere in the economy and that will also translate into higher costs paid by consumers (Gülen, 2010) . Once the capital costs for renewable energy are fully depreciated, generation costs are close to zero and prices for fuel-free technologies of power should consequently fall. The assumptions made around such pricing effects will affect the estimated employment impacts.
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Given the above linkages between the renewable energy consumption and unemployment, it can be argued that the expansion of renewable energy consumption reduces the level of unemployment during periods of economic prosperity. The opposite occurs where there is economic downturn. However, there is hardly any evidence on the dynamic relationship between renewable energy consumption and unemployment or employment. Since this type of dynamic relationship is of great interest to economists as well as to policy makers, this paper attempts to void the research gap. Thus, the primary goal of this study is to analyse the dynamic relationship between renewable energy consumption and unemployment across 80 countries spanning the period of 1990-2013. Previous studies on the dynamic relationship between energy consumption and economic growth examine four testable hypotheses: growth, conservation, feedback and neutrality. Most of these studies investigate these hypotheses by using aggregate energy consumption and economic growth. However, there are few exceptions such as Apergis and Payne (2012) and Salim, et al (2014) who investigate these causal linkages using renewable and non-renewable energy consumption and economic growth. There is only one study conducted by Payne (2009) , who examines the direction of causality between energy consumption and employment using time series data over the period in Illinois in the US, and finds unidirectional causality from energy consumption to employment which supports the growth hypothesis.
However, the author cautions the heavy reliance on non-renewable energy consumption and emphasizes the alternative renewable energy sources as well as improved energy efficiency for future economic growth. Although this study bears significance as the earlier study on the dynamic nexus between energy consumption and employment, however, it suffers from the following limitations. First, it uses only time series data from just one state of the US without covering the whole country.
Second, the author uses Toda-Yamamoto (1995) causality analysis, which ensures the asymptotic distribution of the VAR (vector auto-regression) system regardless of the order of integration of variables in question. However, when some standard assumptions concerning the distribution of the error term the Toda-Yamamoto approach is likely to fail. Hence, the empirical findings may be unreliable and thereby policy implications are likely to be misleading.
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This paper contributes to the literature on the dynamic nexus between renewable energy consumption and unemployment by using panel data non-linear estimates. We conduct unit root test by allowing structural breaks in the data by following the LM(λ) test of Carrion-i-Silvestre et al. (2005) and examine the possibility of cross-sectional dependence by following the second generation unit root test of Pesaran (2004) . We further apply the Westerlund (2006) procedures for cointegration allowing for multiple breaks in the data and estimate the long-run cointegration vector using the fully modified ordinary least squares (FMOLS). Finally, we extend the analysis by estimating a nonlinear panel smooth transition vector error correction model (VECM) to take into account nonlinear dynamic relationship between the variables in the longrun by following Gonzalez et al. (2005) and Omay and Kan (2010) .
The reminder of the article proceeds as follows. Section 2 outlines the data sources and variables followed by methodologies and analysis of empirical results in Section 3. Finally, conclusion and policy implications are given in Section 4.
Variables and Data Sources
Annual data from 1990 to 2013 were obtained for 80 countries listed in the Appendix.
Data on unemployment rates (U), renewable energy consumption (RE) defined in millions of kilowatt hours, capital stock (K) in billions of constant 2000 U.S. dollars, the real exchange rate (E) defined as the effective exchange rate with respect to the country's major trading partners, the amount of provided credit (CREDIT) to the economy from the monetary and banking sector, and, finally, government expenditures (G) in billions of constant 2000 U.S. dollars, are used. All data, except those in renewable energy consumption, were obtained from Datastream, while those in renewable energy consumption were obtained from the iOECDlibrary, available through the Curtin University Library system.
Methodology and Analysis of Results
This section presents the empirical model that investigates the long-run impact of renewable energy consumption on unemployment. The long-run (linear) equation framework yields: Table 3 shows that the Im et al. (2005) test fails to reject the null hypothesis of nonstationarity in levels; however, with the variables in first-differences, the null hypothesis of non-stationarity is rejected at the 1% significance level. The Carrion-i- 
Nonlinear panel cointegration

14
Given the respective variables are integrated of order one; we examine panel cointegration with consideration for possible structural breaks following Westerlund (2006) . The equation to be estimated is specified as follows within a break-augmented panel regression framework:  are country-specific slopes that are assumed to be constant over time, while ij  (j = 1,…, m i +1) is a country-specific intercept that is subject to m i structural breaks. We expect that an increase in renewable energy will lead to a decrease in the unemployment rate (δ 1i <0) Given the presence of the control variables, their impact on unemployment will be as follows: increases in the stock of capital will likely decrease the unemployment rate, (δ 2i >0). Next, increases in the effective exchange rate are considered as an indication of the domestic currency depreciation and, therefore, are expected to lead to unemployment reduction, (δ 3i <0). We proceed with the estimation of the long-run cointegration vector using the fully modified OLS (FMOLS) technique for heterogeneous cointegrated panels 16 (Pedroni, 1999 (Pedroni, , 2001 . The results of the FMOLS estimates are reported in Table 5 which show that renewable energy displays some mixed results relatively to its impact on the unemployment rate. In particular, the overall results document that renewable energy seems to positively affect unemployment rates, implying the higher technological costs associated with this source of energy; therefore, the adoption of this form of energy source, under the present technology embodies in it, is expected to lead to higher costs of production, lower energy efficiency and, thus, to higher unemployment rates. These results remain consistent for the cases of the European Union and Africa. By contrast, in the cases of Asia and Latin America the empirical findings show that an increase in renewable energy consumption decreases the unemployment rate, implying that their economies seem to experience a positive shock or 'a job-creation' effect on their unemployment rates by using more energy coming from (specific) sources of renewables. The signs of the control variables are as expected from the literature. 
Panel Nonlinear Causality Results
Given the long-run cointegrated relationships, we estimate a nonlinear panel smooth transition vector error correction model which takes into account that not only the adjustment to the long-run equilibrium, but the dynamic relationship between the variables might also be nonlinear. Following Gonzalez et al. (2005) and Omay and
Kan (2010), we specify the panel smooth transition vector error correction model as follows:
where N and T denote the cross-section and time dimensions of the panel, respectively. Here
and the spread out of this vector error correction model is presented in Appendix 2.
To address regime-shifts in the short-run and long-run, Gonzalez et al. (2005) and Omay and Kan (2010) consider the use of following logistic transition function: where SSR 0 and SSR 1 are the sums of squared residuals under the null and alternative hypotheses, respectively. In order to choose the appropriate transition variable, s it , the LM statistic is computed over alternative values of s it , with the selection based on the test statistic with the lowest probability value.
Once we select the appropriate transition variable, s it , we follow Terasvirta (1994) in testing a procedure that entails a sequence of tests based on auxiliary regression (6) with a k-th order Taylor approximation equal to 3. We begin by testing the null hypothesis H 0 : ω 1 = ω 2 = ω 3 = 0. If H 0 rejected, we then test H 03 : ω 3 = 0, followed by H 02 : ω 2 = 0|ω 3 = 0 and H 01 : ω 1 = 0 |ω 2 = ω 3 = 0. These hypotheses are tested by ordinary F-tests, denoted as F 3 , F 2 , and F 1 , respectively. Table 6 With allowance for regime-dependent dynamics between the variables, we follow Li (2006) by conducting the Granger causality tests separately for each regime. 6 The null hypotheses of no Granger-causality can be formulated for the unemployment rate and the renewable energy consumption per capita (i.e., focusing on equations 3 and 4 in Appendix 2) as follows: (1) and/or λ 1 = λ 11 = θ 12 = φ1 2 = 0. Similarly, the short-run and long-run null hypotheses of the absence of Granger-causality can be readily applied to the remaining equations 6 Although the number of observations over some post-periods is much less than pre-period, Westerlund (2006) has shown the asymptotic properties are borne out well even in small samples.
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specified in the panel smooth transition vector error correction model. The regimewise Granger causality findings are reported in Table 7 .
The results in Table 7 indicate unidirectional causality from renewable energy to unemployment at the aggregate level in post-1993, post-1997, pre-2008 and post-2008 both in short and long run. Interesting results emerge when we conduct region-wise causality analysis. The results reported in Table 7 show that there are unidirectional causality from renewable energy consumption to unemployment in the European Union, Asia and the Latin American countries in different sub-periods. However, we find no causality in either direction on any sub-period in African region.
Heterogeneous results in various regions perhaps because of differences in renewable energy portfolio standards, labour market conditions and government policies toward sustainable development. Notes: Partial F-statistics reported with respect to short-run changes in the independent variables. EC represents the respective error correction terms. Probability values are in brackets and reported underneath the corresponding partial F-statistic. Significance levels: * (1%), **b (5%), and *** (10%).
Conclusions and policy implications
The increasing awareness of climate change and its consequences has led to a new By contrast, the empirical results show that the increase in renewable energy consumption decrease unemployment in Asia and Latin American countries. These results imply that these economies seem to have job creation effect with the use of energy from renewable sources. In addition, non-linear estimates from Granger causality results highlight a mixed picture. In particular, both for the total outcome and across regions, the causality results highlight the presence of a univariate causality running from renewable energy consumption to unemployment, only, however, as long as the recent time period is approached. This period seems to be 29 closely associated with specific activities in favour of renewable energy that occurred across the regions under study.
However, any employment gains do not occur by default, but rather by design.
They result from a mix of policy and investment decisions which are very much country-and-context-specific. Policies must set job creation as a goal in itself, not just assumed to be an immediate consequence of growth -even when it is labelled green growth. Therefore, to ensure the positive character of the effect of renewable energy consumption on reducing unemployment a variety of policies has to be deployed in countries across the world. The main policies which could drive a job-rich transformation to greener economies are associated with macroeconomic policies, aimed at redirecting consumption and investment through price signals and incentives for enterprises, consumers and investors, including taxation, price guarantees, subsidies, finance and public investment, sectoral policies for key economic sectors or important groups of enterprises, such as small medium enterprises. This includes most environmental regulation as well as mandates (such as the share of renewable energy in power supply, energy efficiency standards, or biodiversity set-asides in agriculture and forestry), and, finally, social and labour policies, which ideally include a combination of social protection, employment, skills development and active labour market policies. In relevance to latter group of policies, it is of particular importance the building and upgrading of skills for green jobs. The transition to a greener economy requires new skills both for new occupations as well as for transformed occupations. Firms investing in new technologies need to be able to find workers with the right skills. This implies that countries need strategies that align their energy, environment, education and skills development objectives and policies leading to programmes for potential skills upgrading and the redesigning of national vocational training and education schemes.
Finally, more research and understanding is needed on how green growth might affect different categories of workers and the distributional impact across society. This indicates to the importance of social protection, and social safeguards.
For green growth to enhance social inclusion, dedicated social and labour market policies will need to complement economic and environmental policies. Several countries have attempted innovative social protection mechanisms and conditional cash transfers, allowing communities affected by greening policies to find alternative sources of livelihood and low-skilled workers to secure an income.
